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INTRODUCTION 
HYDROGEOLOGIC INFORMATION FOR 
ARTIFICIAL STORAGE AND RECOVERY 
OF WATER IN BOX ELDER COUNTY, UTAH 
Groundwater artificial storage and recovery (ASR) has become a favorable means in the arid 
west to store water produced in excess of need during winter months for use in drier times 
of the year. ASR may be accomplished by injection of suitable water into the groundwater 
system via wells to be pumped out later, or by recovery of seepage via wells from surface 
water impoundments or infiltration networks. This report will present pertinent 
hydrogeologic information for the location of an artificial groundwater storage and recovery 
project in Utah's northeastern Box Elder County. 
Eastern Box Elder County has a fairly low population density. The majority of residents live 
along the Wasatch Front and in the valley of the Bear and Malad Rivers, particularly near 
the cities of Brigham City and Tremonton. Land use is primarily agricultural. Irrigated 
cropland occupies approximately 7% of the land in eastern Box Elder County (Chadwick and 
others, 1975). Fairly high-quality irrigation water is supplied by a system of canals 120 
miles long that divert water from the Bear River. Portions of the main West Side and 
Hammond East canals are cement-lined to prevent seepage. 
GEOLOGIC SETTING 
Box Elder County is in the Basin and Range physiographic province, which is characterized by 
normal faulting, having a generally northerly orientation. The area that is the focus of this 
report consists of a main graben block occupied by the Malad and Bear Rivers bounded by 
range blocks; Clarkston Mountain and the Wellsville Mountains to the east and the West 
Hills and Blue Springs Hills to the west. 
The range blocks consist of faulted and fractured Paleozoic sedimentary rocks. These 
deposits are up to 26,000 feet thick, the youngest of which is the Pennsylvanian-Permian 
Oquirrh Formation. Approximately 6,000 feet of Oquirrh Formation limestone, sandstone, 
quartzite, and siltstone comprise the West Hills and Blue Springs Hills in northeastern Box 
Elder County. The Wellsville Mountains and Clarkstone Mountain consist of Paleozoic 
carbonate and siliciclastic rocks (including the Oquirrh Formation). 
The basin is filled with several thousand feet of Cenozoic deposits that overlie the Paleozoic 
rocks at depth. These deposits include Miocene-Pliocene tuffaceous rocks of the Salt Lake 
Formation that crop out in the foothills of Clarkston Mountain and the Wellsville Mountains. 
The Tertiary rocks are overlain by Quaternary lacustrine sediments deposited by Lake 
Bonneville (below approximately 5200 feet above mean sea level), of which the Great Salt 
Lake is a remnant. These deposits are more than 1,000 feet thick on the valley floor and 
consist of unconsolidated sands, silts, and clays interbedded with coarser materials at the 
valley margins (Fig. 1). 
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PREVIOUS HYDROGEOLOGIC STUDIES IN BOX ELDER COUNTY 
Bjorklund and McGreevy (1974) reported on the groundwater resources of the lower Bear 
River drainage basin, an area that roL13hly corresponds to that which wi II be the focus of 
this report. In conjunction with the 1974 report, a basic-data release was issued in 1973. 
This data release includes well data from driller's logs and chemical analyses of water from 
selected wells and springs. In 1994, Anderson and others com pi led hydrogeology and 
groundwater quality information for the Wasatch Front in northern Utah. They utilized 
previous studies, such as Bjorklund and McGreevy's, in order to designate groundwater 
recharge areas of the principal aquifers of the area. They also compiled more recent water 
well records and water chemistry data. 
HYDROGEOLOGY 
Table 1 (Bjorklund and McGreevy, 1974) shows the geologic units of the lower Bear River 
drainage basin in Utah and their genernl hydrologic characteristics. The Paleozoic Oquirrh 
Formation and marginal deposits of Lake Bonnevi lie are considered to be the most productive 
water-bearing units. The Paleozoicrocks have low permeability except locally where they are 
extensively faulted and fractured. At the mountain front, the Paleozoic rocks are lapped by 
gravelly shoreline deposits of Lake Bonneville (bench areas). The benches are underlain by 
unconsolidated coarse sediments, deposited along the margin of Lake Bonneville, that are 
generally moderately to highly permeable. The central portions of the valley are primarily 
underlain by finer sediment deposited in the interior of Lake Bonneville. Driller's logs of 
water wells indicate that these basin-fill sediments are laterally discontinuous and internally 
heterogeneous (Anderson and others, 1994). They include fine-grained confining layers and 
coarser layers that act as perched, unconfined, and confined aquifers. 
CONCEPTUAL MODEL 
Anderson and others (1994) conceived a general conceptual model for the "principal basin-fill 
aquifers" ofthe Wasatch Front in northern Utah. They classified basin-fill aquifers either 
as shallow unconfined aquifers or as principal aquifers. The principal aquifers in their study 
include one or more confined (by at least 20 feet of clay) aquifers that are assumed to be 
connected to the deep unconfined aquifer along the mountain front. Their model includes 
primary recharge areas in the mountains and at the mouths of major canyons, where the 
principal aquifer is unconfined, secondary recharge areas on the benches and uplands, where 
the principal aquifer is confined but the vertical gradient is downward, and discharge areas 
in the lower parts of the valley where the vertical hydraulic gradient is upward (Fig. 2). 
Figure 3 shows their pick of the margins of these areas based on well records. 
The boundaries assumed in this model (not stated by the authors) are essentially no-flow 
boundaries. Lateral boundaries exist between the unconsolidated deposits in the valley and 
the Paleozoic bedrock, and between the unconsolidated deposits and the surface water 
bodies in the valley. Based on this model, the "principal basin-fill aquifer" may be recharged 
by direct injection of surface water through wells that penetrate the confined aquifer on 
the valley floor or by seepage from a surface impoundment located on the primary recharge 
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area. In the second case, recovery wells would need to be strategically placed downgradient 
of the surface reservoir to pump the recharged water from the principal aquifer. 
AQUIFER PARAMETERS 
Bjorklund and McGreevy (1974) performed pumping and recovery tests on wells in the 
principal aquifer of the lower Bear River drainage basin. Table 2 (Bjorklund and McGreevy, 
1974) shows details of these aquifer tests. They found that transmissivity values in the 
Oquirrh Formation and marginal gravels of Lake Bonneville ranged from 140,000 to 13,000 
ft2/day. They calculated a storativity in marginal sand and gravel of 0.0006. In the fine-
grained interior deposits of Lake Bonne vi lie, they calculated a transmissivity of 2,000 
ft2/day from a recovery test. 
Figure 4 (Bjorklund and McGreevy, 1974) is a contour map of the water-levels in wells in the 
lower Bear River drainage basin. It shows that groundwater in the principal aquifer and the 
shallow unconfined aquifer primarily moves from recharge areas in the mountains to 
discharge areas in the valley at streams and the Great Slat Lake. The map shows a water-
level trough under the Malad and Bear Rivers. It also indicates that there is a ridge in the 
potentiometric surface of the principal aquifer between the Malad River and the West Hills. 
For the most part the horizontal hydraulic gradient varies with the slope of the ground 
surface. Gradients are steep at the banks of the Bear River near Deweyville and on the 
Plymouth bench. The slope of the potentiometric surface is particularly flat in the Bothwell 
Pocket. 
Continuous well water-level measurements are available from selected wells in the lower Bear 
river drainage basin for up to eight years (Bjorklund and McGreevy, 1973). However, these 
records pre-date the drought years of the early 1980's, and for most wells in northeastern 
Box Elder County, the records are only for two years. 
WATER QUALITY 
Water quality in eastern Box Elder County is highly variable between surface water, 
individual aquifers, and different locations within a single aquifer. Complete water quality 
data is not readily available in a useful format. Groundwater quality has not yet been 
monitored in an organized manner (Mike Lowe, personal communication, August 17, 1998). 
However, there is a USGS link to surface water quality at three sites on the Bear River 
(www.rvares.er.usgs.gov/wqn96). These uniformly sampled stream-water quality data include 
63 biological, chemical, and physical properties reported from 1973 to 1994. They are not, 
however, presented in a user-friendly format. 
Mike Robinson (unpublished data) collected surface-water quality information at two sites on 
the Bear River, one in Cutler Reservoir and one in the river immediately below Cutler Dam. 
He also sampled water from the East and West Canals immediately below Cutler Dam. These 
samples were all taken on July 1, 1998. The chemical constituents in these samples cluster 
very closely on a Piper plot (Fig. 5). The total of 11 ions measured range from 363 to 437 
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mg/L. At these sites, pH ranged from 8.25 to 8.33. The Piper plots indicate that the Bear 
River and canals contain calcium-bicarbonate type water. 
The only recent groundwater-quality data avai I able in the study area can be accessed from 
the USGS Utah home page. Two wells, 292 and 478 feet-deep, in the Bothwell Pocket were 
sampled on July 2, 1997. The sum of the same 11 constituents measured in the Bear River 
totaled 1300 and 1350 mg/L in these wells end pH ranged from 7.2 to 7.3. The chemistry of 
water in these wells is represented in o Piper plot (Fig. 5) which indicates that the water is a 
magnesium-chloride type. Since the surface water and wells were sampled at the same time 
of year in 1997 and 1998 (which were similar w~ter years), these measurements are believed 
to be comparable. However, they cannot be assumed to represent the quality of water over 
the course of a year or over a period of many years. 
Figure 7 (Anderson and others, 1994) shows the general decline of water quality from 
recharge areas to discharge areas. This is presumably due to longer residence times under 
the valley floor and movement of water through saline deposits in the basin interior. It is 
likely that the high quality of the surface water with respect to the well water in the 
Bothwell Pocket is due to the fact that the groundwater gradient is low and the residence 
time of water in saline sediments deposited by Lake Bonneville may be long. If the water in 
the West Canal near Bothwell is of the same quality as it is below Cutler Dam, then this 
water may be suitable for injection to the principal aquifer. 
Older well data collected by Bjorklund and McGreevy (1973) indicate that units in the 
principal aquifer of the lower Bear River drainage basin below 100 feet contain relatively 
poor-quality water. In the Bothwell Pocket, five wells yielded water in 1969-71 with TDS 
from 653 to 836 mg/L and pH from 7.8 to 8.0. A 277-foot deep well, approximately 1.5 miles 
southwest of Riverside and 120 feet higher than the West Canal, yielded water with TDS 
equal to 960 mg/L and a pH of 8.0. This indicates that canal water may be higher quality 
than groundwater in this area, such that injection of surface water may be feasible. 
CURRENT ASR PROJ'ECTS IN BOX ELDER COUNTY 
There is currently one pilot ASR project in progress in the southeastern portion of the lower 
Bear River drainage basin. Brigham City's springs, in the Mantua basin, produce water in 
excess of the city's need in winter months. Wells in the valley, which produce poorer quality 
water, have been used in the past to supplement the spring water supply in the summer. 
During the winter of 1998, Brigham City injected excess high-quality water from its springs 
into one of the city's wells. This water was intended to be recovered during the summer of 
1998. Preliminary verbal reports indicate that this project been very successful (Thad 
Erickson, Cache County Water Board, verbal communication, August 6, 1998). The quality of 
water produced from the well has apparently been improved by the injected spring water. 
This improvement in quality indicates that at least some of the injected water is currently 
being recovered at the well site. A formal report on the results of this project is to be 
delivered by CH2M Hill to the Brigham City Council in early September. 
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POTENTIAL ASR SITES IN NORTHEASTERN. BOX ELDER COUNTY 
The scant water quality data avai I able in northeastern Box Elder County indicate that the 
situation in Brigham City is not unique. Surface water in the Bear River and canals may be 
higher quality than water in the principal aquifer of the basin. In addition, there are 
springs, such as those owned by Tremonton and Garland on the bank of the Bear River near 
Deweyville, that could be evaluated for compatibility with water in the principal aquifer. 
The following sections describe areas where canal water is transported near the benches 
where the principal aquifer is unconfined (primary recharge areas) or where it is confined 
but where the vertical gradient is downward (secondary recharge areas). These areas are 
evaluated for their potential suitability for ASR, whether by infiltration or by injection. 
BOTHWELL POCKET 
The Bothwell Pocket is an embayment between the West Hills and the Blue Springs Hills. It 
is surrounded on the north, east, and west by mountains composed of Oquirrh Formation 
carbonates. The Bothwell Pocket itself is underlain by coarse-grained marginal deposits of 
Lake Bonneville. Anderson and others (1994) indicate that much of this area is part of the 
primary recharge area for the aquifer system of the lower Bear River drainage basin. 
However, driller's logs of water wells (Fig. 8 and Fig. 9) show that groundwater is confined 
by at least 60 feet of clay near the Highline Canal, the nearest readily available surface 
water. 
For an infiltration project, water would need to be pumped from the canal up a 7-degree 
slope to a very narrow bench top for infiltration through marginal gravels (Fig. 8). In this 
area on the bench, the horizontal hydraulic gradient has been calculated (Fig. 4) to be 0.007 
east. It appears that water migrates from the bench toward Salt Springs at the southern 
tip of Point Lookout. Therefore, ASR by this technique is not recommended. 
North of the community of Bothwell, in the pocket, the horizontal hydraulic gradient is 
0.0006 southeast. It might be feasible to artificially recharge water via a well on the floor 
of the pocket, if the canal water in this area is found to be of suitable quality. If the 
vertical hydraulic gradient is low (as is the horizontal gradient) in the aquifer open to the 
injection well so that mixing of surface water and groundwater is slow, then the same well 
could also be used for recovery. 
THATCHER 
The Thatcher area on the southwestern margin of the Bothwell Pocket was also considered 
for ASR. Here, surface water is transported much closer to the unconfined portion of the 
principal aquifer on the bench. Water could potentially be pumped from the West Canal near 
the community of Thatcher approximately 1700 feet west. This would require lifting the 
water approximately 100 vertical feet. The infiltration area might be located in a small gully 
west of Thatcher (Fig. 10 and Fig. II). The cross-section based on well logs generated for 
this report (Fig. II), is in good agreement with the Thatcher area shown in Figure 3 
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(Anderson and others, 1994). However, infiltration of surface water could possibly take 
place in the immediate vicinity of the canal because it is within the primary recharge area of 
that report. The horizontal hydraulic gradient in this area is estimated to be 0.004 east-
southeast, toward the Great Salt Lake. Injection and recovery would also work here if the 
canal water is suitable. 
RIVERSIDE 
According to Anderson and others (1994) the primary recharge area of the principal aquifer 
in the lower Bear River drainage basin also underlie.s the West Canal northwest of the 
community of Riverside. A cross-section based on driller's logs of water wells (Fig. 12 and 
Fig.13) indicates that there is less than 15 feet of clay under the West Canal in this area. 
This area may be suitable for spreading of canal water for infiltration to, and later recovery 
from, the principal aquifer in the valley. Recovery of this water may require drilling wells 
that are deeper than many of the domestic wells in the area (which probably tap the 
shallow, unconfined aquifer) in order to reach the principal aquifer. Again, if the water in 
the West Canal in this area is of better quality than the groundwater, as indicated by 
Bjorklund and McGreevy's data (1974), then injection and recovery may be a viable option 
here. 
Bjorklund and McGreevy (1974) indicate (Fig. 4) that the groundwater gradient in the 
principal aquifer here is west, away from the Bear River. This appears to be based on the 
water levels in three widely spaced wells. A gradient was not calculated or estimated for 
this area. Test borings in the chosen infiltration area would be advisable prior to initiation 
of a pilot project, in order to: 1) determine if the principal aquifer is unconfined in the area, 
2) estimate the vertical and horizontal groundwater gradients (particularly the horizontal 
direction), and 3) aid in engineering a workable ASR system. 
OTHERPOTENTIALASRSITES 
Other relatively wide bench areas along the Malad River valley were designated by Anderson 
and others (1994) as primary recharge areas to the principal aquifer. However, these areas 
are far from sizable supplies of surface water that might be available for infiltration or 
injection. In addition, areas such as the Plymouth bench, have scant hydrologic information 
available, due to the lack of water wells. Therefore, considerable investment would be 
required to characterize these areas for their ASR potential. 
An injection and recovery project similar to that in Brigham City may be feasible. 
Tremonton and Garland cities own springs along the Bear River that deliver excess high-
quality water through most of the year. Depending on the political and economic situation, 
this excess water might be appropriated for injection and recovery through a new nearby 
well. The water quality of the spring water would need to be compared to the groundwater in 
the aquifer to determine if this is a viable option. Also, the injection-recovery well would 
need to be sited where the stored water would not then be lost to springs. 
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There may be other springs producing water that could be appropriated for injection 
directly to the principal aquifer. This technique could be designed in a similar fashion as the 
Brigham City project, with one well for both injection and recovery. 
OTHER CONSIDERATIONS 
There are many logistical obstacles to overcome in the implementation of an artificial 
groundwater storage and recovery project. The preceding discussion of hydrogeology and 
water chemistry is only a preliminary step toward understanding the scientific aspect of 
such a project. If a pilot site and method is chosen based on this simplified representation 
of the groundwater system, much additional site-specific data wi II need to be collected 
before project engineering could begin. These might include chemical sampling for water 
quality and for stable and/or radioactive isotopes, test borings, permeameter measurements, 
well tests, or even dye tracer-tests, to name a few. A suitable method of spreading or 
injection would need to be determined, based on water compatibility and hydrogeolcgy. 
Placement of recovery wells (if the injection well is not used) will need to be determined so 
as to maximize the recovery rate of stored water. Perhaps most importantly, all of these 
steps first require appropriation of suitable, both with respect to the quantity and 
chemistry of, surface water for storage. 
Also to consider is the fact that the irrigation canals from the Bear River at Cutler 
currently flow only during the irrigation season when the water is already appropriated. In 
addition, there are not a great number of springs in the area to provide water for ASR. 
Also, there are no long-term records of groundwater level fluctuations in wells in the lower 
Bear River drainage basin. If ASR water is to be used for drinking water in communities 
such as Tremonton, a prohibitive factor may be the cost to transport water to and from the 
ASRsite. 
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GEOLOGIC AND HYDROLOGIC BACKGROUND 
Location 
Cache Valley is a north-trending valley straddling the Utah-Idaho border (see Figure 1). It is in the 
northeastern corner of the Basin and Range physiographic province as described by Fenneman 
(1931). In Utah, the Bear River Range bounds the valley to the east and the Wellsville and Clarkston 
mountains bound it to the west. The total valley floor area is approximately 650 square miles, with 
slightly over half of this lying in Utah (Kariya et al., 1994). 
Previous Work 
McGreevy and Bjorklund (1970) published a data release containing hydrogeologic and water 
chemistry data for Cache Valley. One year later, they published a separate comprehensive report 
discussing Cache Valley's hydrology in detail. Beer (1967) likewise wrote a comprehensive ground 
water report of Cache Valley. Additional studies addressing the ground water of Cache Valley were 
done by Dian (1969), and by Peterson (1946). Cross-sectional profiles across Cache Valley were 
made by Bjorklund and McGreevy (1971) and by Lowe (1987). Researchers at Utah State University 
conducted many studies concerning local water conditions and drainage of lands (Israelsen, et al, 
1955; Israelsen, 1954; Israelsen, et al, 1946; and Israelsen and McLaughin1932 and 1935). Herbert 
and Thomas (1992) conducted a seepage study along the Bear River. The U.S. Geological Survey has 
measured stream flow data in Cache Valley since 1898, and water levels in selected wells since 1935. 
Clyde, et al. (1984) developed a predictive management model for ground water in the Utah portion 
of Cache Valley. Kariya et al (1994) published a report modeling the ground water flow of Cache 
Valley. 
The U.S. Soil Conservation Service (1976) summarized the irrigation conveyance system of Cache 
County. More data on irrigation systems were compiled by Whetstone (1990). Data on soils are 
available from the U.S. Soil Conservation Service and from the Utah Agricultural Experimental 
Station at Utah State University (Southard, et al, 1978). 
Extensive ground water sampling for general chemistry, temperature, and specific conductance was 
done in 1967-69 as a part of the USGS study by Bjorklund and McGreevy (1971). Roark and Hansen 
(1992, table 6) conducted a similar ground water-sampling survey 25 years later in which they 
sampled over 60 wells previously sampled by McGreevy and Bjorklund (1970). Other water-quality 
data were compiled by Beer (1967) from the Utah State Department of Public Health, in 
cooperation with the office of the Utah State Engineer, and published by the office of the Utah 
State Engineer. Anderson et al. (1994) collected ground water-chemistry data as part of an 
investigation of the hydrogeology of the principal aquifers along the Wasatch Front and adjacent 
areas. De Vries (1982) collected water-chemistry data from over 100 wells and springs throughout 
the valley as part of an investigation into the geothermal potential of Cache Valley. More recently, 
the Ecosystems Research Institute was awarded a FY94 program grant to compile existing water-
chemistry data from 1,780 water samples collected from 210 wells and 20 springs. These data are 
available by request (Nancy Mesner, oral communication, November 26, 1997). In the fall of 1997, 
the Utah Geological Survey collected approximately 150 water samples from wells to be analyzed 
for general chemistry. Forty of these samples were analyzed for organic compounds and fifteen, 
for radionuclides. 
Struc'll.lre of Cache Valley 
A gravity survey by Cook et al. (1989) suggests that the valley is deep in the south and shallows 
northward. This is supported both by oil driller's logs evaluated by Brummer (1991} and by seismic 
data (Evans and Oaks, 1996). Evans and Oaks further described Cache Valley at its deepest point in 
the south as an asymmetric half-graben above a single west-dipping, listric normal fault along the 
eastern boundary. In the center it is bounded on both east and west sides by normal faults with 
east-to-west variations in the dips and in the thicknesses of the Tertiary units. The basin becomes 
broad, shallow, and flat bottomed northward in Utah. 
Stratigraphy of Cache Valley 
Figure 2 schematically illustrates the sediments filling Cache Valley. Briefly, the valley center can 
be described as few thin alluvial sediments from modern rivers, overlying several thick sequences of 
Lake Bonneville lake-bottom clays, overlying a thick sequence of aquifer-comprising gravels, 
overlying the less permeable older basin fi II. Moving away from the center of the valley, the 
sequences of gravels thicken, and the clays thin. The remainder of this section is a more detailed 
description of Cache Valley's stratigraphy. Refer to Table 1 for a description of each stratigraphic 
unifs water-bearing properties. 
Paleozoic Rocks 
At depth under Cache Valley, one finds the same rocks as those comprising the mountains bounding 
either side of the valley. Two large fault systems on either side of the valley slipped thousands of 
feet, dropping these rocks to their present altitude, and creating the Cache Valley basin. These 
rocks consist mostly of sandstone, limestone, and dolostone, and aggregate to a thickness of more 
than 30,000 feet in the mountains adjacent to Cache Valley (Williams, 1962). 
Wasatch Formation 
Directly overlying the ancient Paleozoic rocks, and filling the Cache Valley basin are consolidated to 
unconsolidated sediments of Cenozoic age. The oldest of these is the Wasatch Formation. It is 
generally a highly permeable conglomerate consisting of mudstones, subangular pebbles and cobbles, 
poorly sorted sandstones, and minor limestones (Oaks and Runnells, 1992; Brummer, 1991; Williams, 
1962). In Cache Valley it was logged as 360ft thick in the Amoco Lynn Reese exploration drill hole 
just south of the Logan-Cache airport (NW!/4, SW1/4, Sec. 17, T12N, R1E) (Brummer, 1991). It 
was reported absent from a similar drill hole approximately 9 miles WNW in the SW!/4, NE!/4, 
T13N, R1W (Brummer, 1991). Smith (1997) found that this unit thinned from 100ft thick west of 
Paradise, Utah, to a feather edge near Avon, in southern Cache Valley. 
Salt Lake Formation 
The Salt Lake Formation unconformably overlies the Wasatch Formation. It crops out in an almost 
continuous band around Cache Valley. The Salt Lake Formation is thickest in the east side of the 
valley near Paradise, at approximately 9,850ft, and thins toward the west valley wall (Evans and 
Oaks, 1996). The depth to the upper surface of the Salt Lake Formation varies extensively 
throughout the valley. It was logged at 7315 ft below the surface in the Amoco #1 Lynn Reese 
exploration hole (Brummer, 1991). 
Brummer (1991) divided the Salt Lake Formation into two mappable facies: a conglomerate facies 
and a tuffaceous claystone facies. Based on the repetition in the Amoco #1 Lynn Reese well, 
Brummer (1991) concluded that these facies interfinger extensively throughout the vertical extent 
of the formation, and most workers abandon the hope of tracing individual members across any 
sizeable distance. The two units interfinger with greater frequency near the east valley margin 
(Brummer, 1991; Danzl, 1982). 
Conglomerates of the Salt Lake Formation consist of sub-rounded to well-rounded coarse sand to 
boulders. Though it is generally clast-supported, it often has a tuffaceous, white to grey, sandy 
ground mass. The tuffaceous unit consists of a light tan to olive grey tuffaceous claystone with beds 
and lenses of grey volcanic ash. The claystone is blocky when fresh, but becomes weakly fissile 
when weathered. It is poorly to moderately consolidated and is horizontally bedded. Brummer 
(1991) interpreted the conglomerates as coalesced alluvial fans derived from the highlands. The 
tuffaceous sediments were lake-bottom volcanic sediments deposited in a down-faulted basin. 
Pre-Lake Bonneville Deposits 
Well logs indicate that nearly 328 ft of fluvial and lacustrine sediments overlie the Salt Lake 
Formation and underlie Lake Bonneville deposits in the majority of Cache Valley (Williams, 1962). 
Bjorklund and McGreevy (1971) identified these sediments as containing the major aquifers of the 
valley. They consist mostly of gravels and sands likely derived from alluvial or deltaic deposits, 
interbedded with thick clay-rich zones, deposited perhaps in deep lakes. Also among these deposits, 
though closer to the east valley margin, are steeply bedded (3°- 6°) fan gravels deposited as 
coalesced alluvial fans. These consist mainly of angular cobbles to .sand in alternating well sorted 
and poorly sorted beds that contain much silt and clay (Williams, 1962) These deposits are rarely 
exposed in the valley, but some limited information comes from drill logs. The upper contact of 
these sediments is irregular, but generally lies 65 to 160ft beneath the ground surface (Williams, 
1962). Less information is available on the lower limit of these sediments, as most water wells 
terminate before reaching the Salt Lake Formation. Several wells reported penetrating these 
sediments 80 to 130 ft without reaching their lower extent. Wells that have penetrated these 
sediments record them as being greater than 250 ft thick in places (Brummer, 1991; Williams, 
1962). 
Lake Bonneville Sediments 
Sediments deposited during the high stands of Lake Bonneville were divided by Hunt (1953) into 
the older Alpine Formation and the younger Bonneville Formation. More recent workers do not 
differentiate between these formations. Both formations consist of lacustrine silt and clay in the 
middle of the valley and of sand and gravel near the valley margins. The clay of these formations 
comprise a nearly continous blanket 100 feet thick over the center portion of the valley. 
Lake gravels of the Bonne vi lie and Provo Formations comprise local and discontinuous patches 
around the periphery of the basin, mainly constructed as shore-terrace embankments. These 
embankments overlie lake silts along the eastern half of the valley but not in the west (Williams, 
1962). Much of this sediment may have been derived from glacial till deposited in terminal moraines 
on the piedmont surface, and then reworked by wave action (Williams, 1962). Early deltaic deposits 
at the mouths of most canyons represent early aggradation of the lake. As Lake Bonneville reached 
its high stand, shore lines, where active deltas were deposited, were far up the canyons and were 
thus unable carry coarse sediment far to the valley floor (Williams, 1962). The deltaic sediments 
deposited during the Provo stand are much more pronounced, cover a total area of about 15 square 
miles of the valley, and reach a thickness of about 65 ft. Many of these canyon deltas grew large 
enough to coalesce with each other (Williams, 1962). Most smaller deltas are composed entirely of 
gravel, but the larger ones of the Logan River, Blacksmith Fork, and the Little Bear River contain 
considerable amounts of sand and silt (Williams, 1962). 
Post-Lake Bonneville Deposits 
Lake Bonneville last occupied Cache Valley about 13,000 years (Currey et al., 1984). Since then, 
several surface processes have reworked portions of the valley floor and have deposited recent 
sediments. Unconsolidated, crudely stratified, clay- to boulder-size materials have been deposited 
in the flood plains of the major rivers including the Bear, Little Bear, and Logan Rivers. Thicknesses 
of these deposits are generally Jess than a few meters (Williams, 1962). Colluvium and talus also 
drape the valley margins in places. Other recent but minor sediments include small patches of eolian 
sand north and east of Cornish, and cones of travertine limestone which, where present, are 
generally located above faults along the valley margins (Williams, 1962). 
General Hydrogeology of Cache Valley 
Bjorklund and McGreevy (1971) stated that confined ground water exists beneath 180 square miles 
of Cache Valley. They furthermore reported that the confining layers exist as discontinuous lenses, 
and thus the confined aquifers are under leaky-artesian conditions. However, because the Lake 
Bonneville clays appear so continuous throughout the valleys well logs, it seems more reasonable to 
think the confining layers are more continuous. The actual degree to which these confining layers 
are impermeable has significant implications to aquifer storage and recovery. These are discussed 
later. Kariya et al. (1994) concluded that unconfined ground water typically exists within 50 ft of 
the surface throughout the valley and at greater depths among the coarser sediments near both 
east and west valley margins. Numerous perched aquifers are also present along the valley margins. 
Bjorklund and McGreevy (1971) subdivided Cache Valley into eleven areas of generally similar ground 
water conditions (see Figure 3). Because these divisions are controlled primarily by Quaternary 
deposits, they did not discuss the ground water conditions in the Salt Lake and Wasatch 
Formations, or in fracture and solution openings in the Paleozoic rocks. Seven of these eleven areas 
(1,2,3,4,5,6, and 11) lie, or partially lie, in Utah and will be discussed here. Note that the borders 
between these areas are not sharp, but only approximate zones where general conditions change. 
Areal Smithfield - HyNm - Wellsville 
Pre-Bonneville alluvial-fan deposits as well as Bonneville deltaic deposits coalesce in the area of 
Summit Creek, the Logan River, Blacksmith Fork, and the Little Bear River to form a complex 
aquifer system at least 300 m thick. Aquifer materials are coarse in the east, and fine westward. 
Lake Bonneville clays and silts confine the aquifer, except perhaps for a narrow margin of 
unconfined ground water bordering the mountain front. 
This area contains the largest and most productive aquifer system in the valley. The aquifer system 
is highly permeable, as indicated by horizontal hydraulic gradients as low as 2x1o· 4 . Transmissivity 
measurements range from 924 to 30,500 m2 per day. Concentration of dissolved solids is generally 
less than 400 mg/1. 
Area2 Little Bear Area South of HYNm 
Thin deposits of gravel overlying mostly fine sands comprise an unconfined aquifer system along the 
floodplain and terraces of the Little Bear River south of Hyrum. The terraces are well drained by 
numerous springs along their margins. The water table slopes northward with a gradient of about 
7.5x10·'. Estimated transmissivities are less than 1,390 m2 per day. The concentration of dissolved 
solids is generally less than 400 mg/1. 
Area 3 Wellsville to Newton 
The Quaternary gravel fill is thickest near Cutler Reservoir at several hundred feet. In other areas 
it is just a few feet thick. These sediments directly overlie the Salt Lake Formation. The fill is 
generally fine grain, with minor course grain deposits fingering out into the valley. Well yields are 
generally less than 30 gpm., but some wells yield 300 gpm. Total dissolved solids range from 400 to 
BOO mg/1. 
Area 4 Lower Little Bear River - Benson - the Barrens 
Approximately 985 ft of Quaternary deposits overlie Tertiary deposits in this area. These are 
mostly clays and silts, but do contain some productive ground water confined in beds of sand and 
fine gravel. Bjorklund and McGreevy (1972) judged these water-producing beds to be poorly 
interconnected. Most wells near Benson are completed at depths between 330 and 750 ft. Wells 
are generally completed at shallower levels in the southern portion of this area. 
Artesian pressures are generally high in this area. Some heads have been measured at 19 m above 
ground level. The concentration of dissolved solids is as high as 1,200 mg/1 near Benson and the 
Barrens, but averages from 400 to BOO mg/1 in the area along the Little Bear River. 
Although an adequately constructed well could produce water sufficient for irrigation in this area, 
the abundance of surface water and the already mostly waterlogged surface would render 
superfluous any further aquifer development for irrigation. 
Area 5 Cub River Subvalley 
Approximately 330ft of interbedded Quaternary clays, silts, sands, and gravelsoverlie Tertiary 
conglomerate in most of this area. The water-bearing layers of sand and gravel are moderately 
permeable, yet thin, with transmissivities of 1,000 to 4,000 ft2 /day. The gravels comprising the 
alluvial fans of Cherry Creek and High Creek are generally thicker, and thus have higher 
transmissivities. 
The ground water here is generally confined. Some wells flow. Horizontal hydraulic gradients range 
from about 3.8x1o·' to 7.6x10·'. Most wells are completed at depths shallower than 430 ft, yielding 
54 to 300 gpm. The concentration of dissolved solids ranges from about 300 to 800 mg/1. 
Area 6 Clarkston 
Sand and Gravel materials exist mostly along Clarkston Creek and the slopes west of the creek. 
Most wells yield less than 30 gpm, with some irrigation wells producing 300 gpm. Concentration of 
disolved solids ranges from 300 to 900 mg/1. 
Area 11 Fairview - Lewiston - Trenton 
Approximately 20 ft of moderately permeable sands and silts drape most of the land surface of 
this area. These are the principal water-bearing materials of the area. They were primarily derived 
by the reworking of the Bear River delta, and overlie a great thickness of highly impermeable lake-
bottom clays. Groundwater is generally unconfined here. Owing to the thinness of the unit, 
transmissivities are estimated at less than 1,000 ft2/day. The horizontal hydraulic gradient is 
generally less than 1.9x1o·', controlled mostly by the land-surface gradient. 
Irrigation greatly affects both the amount and quality of groundwater in the area. Thus, seasonal 
variations of the water table and water quality are extreme. The concentration of dissolved solids 
ranges from approximately 800 to 1,600 mg/1. 
Artificial Recharge by Spreading 
Artificial Recharge from Surface Water Irrigation 
Cache Valley abounds in both surface water and ground water resources relative to other parts of 
Utah. It has supported a large agricultural industry for most of this century, consuming both 
surface water and ground water. In effect, this has led to an expansive artificial recharge network 
already in place. Over 400 miles of canals with a capacity of 2,000 cfs divert surface waters to 
service over 121,000 acres of farmland. These canals convey water with efficiencies ranging from 
35 to 105% (see Figure 4, and Table 2) (U.S. Soil Conservation Service, 1976). Greater than 100~, 
efficiency means the canal is gaining water. Furthermore, another significant fraction of the water 
infiltrates once it is applied through irrigation. In contrast, while the agricultural industry 
artificially recharges hundreds of cubic feet per second of irrigation water for slightly less than 
half the year, all the wells in the valley combine to withdraw 52 cfs (Bjorklund and McGreevy, 1971; 
Kariya et al. 1994). It would thus appear that, under this century's human influence, the piezometric 
surface should be rising, but, in fact, this is not the case. 
Figure 5 displays water level measurements in Cache Valley wells from 1935 to the present. These 
graphs present no obvious long term trend. Why then, when water is artificially recharged at 
several times the rate it is extracted, does the water table not rise? One explanption is that the 
human disruption of the natural water budget is insignificant compared with the ambient water 
fluxes and/or the aquifer's storage capacity. This explanation is dismissed with a simple comparison 
of the measured anthropogenic fluxes with the measured storage coefficients of the valley. 
Another explanation is that the piezometric surface has risen, but either before monitoring began, 
or slight enough as to imperceptible. This explanation assumes a good hydraulic connection between 
the principal aquifer and the discharge points, which does not appear to be the case considering the 
thick and continuous Lake Bonneville sediments covering the valley. A third explanation is that the 
infiltrating agricultural water recharges an aquifer separated from that aquifer which most wells 
are completed in. In this case, increasing infiltration might increase shallow ground water flow and 
discharge to springs and rivers, but not increase the head in the deeper principal aquifer. This 
appears to be the most reasonable explanation and, assuming it is true, care must be taken when 
locating a spreading site that the infiltrating water will recharge the principal aquifer and not a 
shallow one. 
Locating Potential Artificial Recharge Spreading Zones in Cache Valley 
Central Cache Valley 
Ground water is confined and flows upward within the central portion of Utah's Cache Valley, making 
it unsuitable for artificial recharge by spreading. One exception is a large, shallow (<30 ft) 
unconfined aquifer in the valley center extending from just north of Smithfield, to the state 
border (zone 11, Figure 3). This aquifer is naturally saturated to near the surface, has 
transmissivities generally less than 1000 fflday, and has dissolved solid concentrations from 800 
to 1,600 mg/1 (Bjorklund and McGreevy, 1971). All three of these factors make it unsuitable for 
artificial spreading. In addition, there is probably a high interaction with this ground water and the 
agricultural industry, making it prone to water quality degradation. 
Valley Margins 
Moving toward the valley margins, ground water gradients turn downward. The approximate border 
for this transition is shown in Figure 6 as the line separating the white area from the shaded areas. 
It is here, otherwise called the recharge area, that artificial recharge by spreading can occur. 
Figure 7 shows a model of hydrogeologic conditions at the valley margin. Most workers that have 
researched the hydrogeology of Cache Valley agree with the basic concept of this model; namely, 
that the thick and relatively continuous confining layers of the valley wedge out and disappear as 
they approach the valley wall. Based on this model, the recharge area is divided into two subareas: 
the secondary recharge area where confining layers are present, and the primary recharge area 
where confining layers ore not present (see Figure 6). Referring again to Figure 7, one can see that 
water infiltrating into the secondary recharge area is likely to discharge in the numerous springs 
located at the recharge area/discharge area border (see Figure B). Thus, to be certain that 
infiltrating water would seep into the principal aquifer, it should be applied near the valley wall in 
the primary recharge area. 
Western Valley Margin 
Today, no large streams enter Cache Valley from the west. This has historically been the case as 
well. Without streams to deliver sediment from the Wellsville mountains, relatively minor aquifer-
forming deltas and alluvial fans were constructed on the western side of Cache Valley. Well. logs 
along the western valley margin reveal that the coarse sediments abruptly wedge out beyond the 
mountain front. Thus if artificial recharge were applied here, the infiltrating water would have 
limited conduits to flow into the principal aquifer, and would likely pool near the mountain front. 
In addition to the building of small alluvial fans, another consequence of the absence of large 
streams on the western margin of the valley is that surface water would have to be transported 
some distance to be applied here. The Little Bear River is the closest perennial stream, having a 
mean annual flow of 59 cfs. Water from this river would have to be transported 2 to 5 miles and 
greater than 500 feet uphill. The Wellsville-Mendon Lower Canal derives ifs water from the South 
Fork of the Little Bear and flows along the lower edge of this recharge zone. Canals deriving water 
from the Little Bear at Hyrum Reservoir also approach the lower edge of this recharge zone. 
Southern Valley Margin 
South of Hyrum, one finds that the mid-valley confining layers approach the valley walls quite 
closely before wedging out (see Figure 6). One exception is the terrace located to the southwest of 
Hyrum Reservoir. Smith (1997) found that the gravels exposed in this area are not those of an 
alluvial fan or delta interfingering with the confining layers, but rather a relativity thin (less than 
40 feet) cover of alluvial gravels overlying dipping beds of the Salt Lake Formation (see Figures 9 
and 10) . Ground water in this area is dominantly recharged by seepage from canals and irrigation, 
flows northward, and discharges from springs where the Little Bear has incised the terrace. 
Because of the absence of a hydraulic connection between the aquifer in this area and Cache 
Valley's principal aquifer, this is not a feasible location for artificial recharge. 
Eastern Valley Margin 
Figure 6 displays a narrow primary recharge zone bounding the mountain front east of Millville, 
continuing and thickening northward to Richmond. It is along this reach, where the Logan River, 
Blacksmith Fork, and Summit Creek delivered coarse sediment into the valley, that artificial 
recharge by spreading is most likely to recharge Cache Valley's Principal aquifer system. Again, 
taking the model proposed in Figure 7, one observes the recharge zone is best connected to the 
principal confined system only where confining layers are absent. 
Lowe (1987) drew four east-west cross-sections across this. zone based on well logs and geologic 
mapping (see Figure 6 for locations). Plate 2 shows these cross-sections annotated with the springs 
and canals located along them. Cross-sections A-A', B-B', and C-C' intersect sites high enough not to 
be underlain by shallow confining layers, yet low enough that they are serviced by irrigation conals. 
Cross-section A-A' shows the Lake Bonneville clays wedging out between wells 12 and 13. The exact 
location of the contact is obscured by a thin veneer of colluvial deposits, but may be discovered by 
a closer inspection where streams may have incised and exposed the sediments, or by shallow auger 
holes. It is possible that either the Logan-Hyde Park-Smithfield or the Logan Northern. Canal may 
furnish water for artificial recharge. Cross-section B-B' shows the Lake Bon nevi lie clay wedging out 
below well 9, although it is unclear why he did not extend to the uppermost clay in well 9. Certainly 
the Logan-Hyde Park-Smithfield canal may possibly recharge the principal aquifer at this location, 
and the Logan Northern Canal might as well. Cross~section C-C' reveals no obvious artificial recharge 
sites. The Bonneville clays wedge out somewhere above well 8, but maybe not below the Logan-Hyde 
Park-Smithfield canal. More shallow auger holes would provide useful information here. 
Two additional cross-sections are shown on Plate 1 (see Figure 6 for locations). Again, it is apparent 
that the simple stratigraphy of the valley becomes more complex near the valley margin. Looking at 
cross-section E-E', water infiltrating from the Logan Northern Canal may be recharging the deeper 
aquifers, or a clay layer may convey it to Chambers Spring. The Logan-Hyde Park-Smithfield Canal is 
almost certainly hydraulically connected to the principal aquifer. South of Logan, cross-section F-F' 
shows a spring located where the topography dips below the Lake Bonneville clays. An 18 ft deep 
clay layer appearing in well (A 11 1) 15 bcb is a likely impermeable layer conducting water to this 
spring. The Millville-Providence Canal may or may not be hydraulically connected to the principal 
aquifer. A field investigation combined with auger holes would be helpful. 
Artificial Recharge by Injection 
Locating Injection Wells 
Three basic criteria should first be met for any specific site to be considered for ASR injection. 
First, the area should have a high transmissivitiy for the ease of injection. Secane it should be in 
good hydraulic connection with the principal aquifer system. Third, it should be in close proximity to 
the source of water being injected. The area directly west of the point where the Logan River 
enters Cache Valley is the obvious location for highest transmissivities and greatest hydraulic 
connection to the principal aquifer system. A examination of many well logs suggests these high 
transmissivities probably extend about two miles from the mountain front, which is about to Main 
Street in Logan. In this region, several clay lenses less than 20 feet in thickness exist from depths 
of 50 feet to 700 feet. Injecting water below one of these lenses would help minimize near-well 
uppwelling of the water table. Regardless of the injection well's location or elevation, the screened 
interval should begin below an elevation of 4325 feet above sea level. This wi II minimize seepage loss 
to springs and insure a good hydraulic connection with the principal aquifer system. 
Other possible locations for injection wells would be in front of any canyon entering Cache Valley 
between Milleville and Smithfield. North or South of this region, the ground water system is 
probably poorly connected with the principal aquifer. The areas between canyons, such as the area 
of North Logan, lack high transmissivity coarse alluvial fan and delta deposits. 
Aquifer Parameters 
Bjorklund and McGreevy (1971) conducted 10 pumping/recovery test across Cache Valley. These well 
locations are given in figure 11 and the results summarized in Table 3. In addition, the 
transmissivities of aquifers were estimated from the specific capacities of 105 wells (see Figure 
12). Where the two methods overlapped, transmissivities calculated from specific capacities tended 
to be somewhat lower than those from the pumping test. Again, the area with the highest 
transmissivities, and thus i'he most suitable for artificial recharge by injection, is that area 
bordering the east margin of Cache Valley from Millville to Smithfield. Specifically, the pump 
tests west of Providence, and west of Millville gave values of 150,000 and 175,000 ft2/day 
respectively. These are equivalent to transmissivity values measured near Sandy, Utah where 
injection is currently operating successfully. 
If an injection well were to be located near the valley margin, it would probably either be completed 
in the confined principal aquifer, or near enough to it that the storage coefficients can be assumed 
to be those of a confined aquifer, which are several orders of magnitude smaller than an unconfined 
aquifer. These have been measured in pump test to range from 0.00013 (Bjorklund and Mcgreevy, 
1971) to 0.00037 (Kariya et al., 1994). 
Aquifer Chemistry 
Plate 5 from Bjorklund and McGreevy (1971) displays the areal extent of chemistry across the 
valley. Generally, total dissolved solids are between 250 and 350 mg/1 near the eastern valley 
margin, and are dominated by calcium and bicarbonate. Moving down gradient towards Cutler 
Reservoir, total dissolved solids increase to over 600 and contain higher sodium and chloride 
concentrations. Chemistry data collected from the Utah Geological Survey (1997) is summarized in 
a Piper diagram shown in Figure 13. Chemistry data from possible surface water sources are also 
plotted on this diagram Ground water samples taken in south-eastern Cache Valley are likewise 
indicated. Table 4 compares the chemistry of possible surface water sources for injection with the 
chemistry of the ground water in south-eastern Cache Valley. 
Suggested Investigations Prior to ASR Implementation 
Hvdraulic conductivity of confining layers 
The primary issue controlling the feasibility of Artificial Recharge and Recovery in Cache Valley is 
the degree to which the Principal Aquifer is confined. To understand this issue one can compare 
Cache Valley to the area near Sandy, where artificial recharge is currently functioning successfully. 
Near Sandy, the piezometric surface has been drawn down over 30' throughout the past 50 years 
(SLCWCD, 1996). Injecting water here solely goes to retard further drawdown of the piezometric 
surface; it is not being raised to or above its natural level. Conversely, Cache Valley's piezometric 
surface today is at approximately the same level as it has been throughout .its documented history. 
Thus, applying artificial recharge will increase the head above its ambient level and increase fluxes 
to discharge locations. The relationship between increased head and increased discharge 
consequently becomes of utmost importance. By analogy, the principal aquifer is a rubber inner 
tube, and, depending on the size of holes puncturing it, it may or may not be worth while for the 
bicyclist to pump air into it. Likewise, the losses to aquifer leakage may or may not be significant 
enough to ·determine the feasibility of artificial aquifer recharge and recovery. 
Figure 14 schematically demonstrates the significance of determining the vertical hydraulic 
conductivity of the confining layer. Discharge, or vertical leakage, is plotted against the rise in head 
above an ambient condition, which is taken to be about 20 feet above land surface. The discharge is 
computed as follows: 
where 
Qv= -Kv * Iv * A 
Kv =the vertical hydraulic conductivity 
Iv = (HI - H2) I b 
HI= head of the principal aquifer system 
H2= head at the ground surface 
B =thickness of the confinging layer which is assumed to be 100 feet. 
A = the area directly overlying the principal aquifer where leakage would occur, which is 
approximated by the topographically low portion of Area I in figure #, which is 
approximately 58 square miles (1.6x109 ft2) 
Kariya et al. (1994) used vertical hydraulic conductivity values ranging from 1 to lx10"3 feet per day 
to calibrate a numerical model of Cache Valley. Looking at figure 14, if Kv = 0.001 ftlday, then a rise 
of 2 feet results in only about 3 cfs increased discharge from the principal aquifer. By contrast, 
assuming Kv = 0.1, then a head rise of two feet increases discharge in the principal aquifer by 
about 300 cfs, or at a rate approximately equal to the flow of the Logan River. 
Continuing further, one can estimate the increase in head necessary to store a given amount of 
water and then estimate the increased leakage from the aquifer at that head. For example, 
injecting 25 cfs for a period of three months gives a total volume of 6.7x107 cubic feet. The head 
required to accommodate this volume is calculated by the following formula: 
h =VI (Sc *A) 
where Sc = the storage coefficient, and A = surface area of the aquifer, and V = the increase in 
storage. Using Sc= Bx1o-' (Kariya et al., 1994), A = 1.6x109 ff (as discussed previously), and V= 
6.7x107 cubic feet, the increased head = 5.23 feet. If Kv < 0.001 then the approximated loss to 
leakage at this head is about 7 cfs, which is less than one third the rate at which water was 
injected. If Kv = 0.1, then discharge can occur at a rate of 700 cfs, which means that any injected 
water would be lost almost instantaneously. 
Several options exist to determine the vertical hydraulic conductivity of the confining layers. The 
most conclusive determination of Kv would be to employ a tracer test. This is also the most costly 
option and might take some time if Kv proves to be quite low. Another method would be to conduct a 
pumping test in the principal aquifer. This test would provide the leakage value from the overlying 
aquitard of Kv/b, where b is the thickness of the aquitard and can reasonably be derived from the 
well log given the aquitard's areal continuity. Again, if Kv proves to be extremely low, vertical 
leakage may be undetected given the precision of the test. Another method of determining Kv 
would to make some estimate of the amount of water flowing upward. The vertical hydraulic 
conductivity could then be calculated with the following formula: 
K =- q *I_, 
where I is the gradient and ranges from 0.2 to 0.5 (Israelsen and McLaughlin, 1935), and q is the 
flux per unit area. Israelsen and McLaughlin, 1935 observed that in hot, dry periods non-irrigated 
land becomes dry and vegetation with shallow roots withers. Conversely, the same land becomes 
swampy during cold, cloud covered periods. Assuming that transpiration is the dominate mechanism 
consuming water in this case, this information can provide an approximation for the vertical flux is 
one is willing to make assumptions about the transpiration rate. 
Other data related to the hydraulic conductivity of the confining layers is sparse. During several 
months in the wet year of 1986, the principal aquifer sustained a head five feet above it's historical 
average (see Figure 5). This again suggest a low hydraulic conductivity of the aquifer. 
There are two pieces of evidences contesting the clay layers having extremely low hydraulic 
conductivities. First is a study finding that the Bear River gains about 70cfs from ground water 
inflow between Smithfield and where it exits the dam at Cutler Reservoir (Herbert and Thomas, 
1992) However, it has been suggested that this water could not be from the principal aquifer, but 
rather from irrigation return flow flowing to the river via a shallow unconfined aquifer. Second is 
Williams Smith Spring north of Smithfield, which discharges over 20 cfs from a 100 foot thickness 
of Lake Bonneville clays (see Plate 2)(Lowe, 1987). 
Possible Degradation of Farmlands 
Prior to this century, the pastures of Cache Valley were much drier than they have been since 
(Israelsen and McLaughlin, 1935). Only after the Bear River was dammed to create Cutler Reservoir 
and widespread irrigation began did Cache Valley develop its numerous modern wetlands. Israelsen 
and McLaughlin (1935) attribute the wetland development to: 1) near surface run-off of irrigation 
water; and 2) increased flow through the confining layers due to a head increase caused by the 
applied irrigation water along the aquifer's recharge zone. Whatever the cause of the "bogging 
down" of the pastures, farmers and ranchers have undergone considerable efforts installing drains 
to reclaim their pastures. The drains never were completely effective, and sti II today farmland is 
devalued because of the full saturation during the early part of the growing season. If Israelsen 
and McLaughlin were right and a head increase in the principal aquifer does significantly increase a 
flux to the surface, then the issue of farmland degradation must be addressed 
ASR by Spreading 
• Step 1- investigate hydraulic conductivity of confining layers described above 
• Step 2 - investigate the availability of water 
As mentioned previously, all the potential sites for ASR by spreading are located along the eastern 
valley margin. The potential water source to these regions is derived from either the Logan or 
Blacksmith Fork river and transported by either the Logan-Hyde Park-Smithfield, Logan Northern, 
or Millevi lie-Providence canals. One should determine: 1) when these canals are not occupied to 
capacity by agriculture, and when the mean annual temperature is high enough as not to cause 
freezing., and 2) how much extra allocated water is available from these sources for the specific 
times that are determined. 
Step 3 - Determine a specific site 
Several specific locations are discussed in detail under the section titled Locating Potential 
Artificial recharge zones by spreading. 
Step 4- Confirm the absence of shallow confining layers 
One of the primary issues in locating a specific site for artificial recharge by spreading is to insure 
no confining layers will intercept infiltrating water, only to conduct it to discharge in springs. Figure 
7 shows two models for how this can happen. One is where the topographic slope truncates a 
perched aquifer. The other is where the topography intercepts the water table. Springs along 
cross sections B-B', C-C', and E-E' appear to be of the perched aquifer type, and the spring located 
on D-D' may be of the water table type. One interesting note is that Williams Smith Spring, located 
on D-D', and other nearby springs flow at rates greater than 40 cfs from a greater than 20ft 
thickness of Lake Bonneville clays (Karyia et al., 1994). This suggests these clays either may not be 
as impermeable as many workers have assumed, or that fingers of coarse sediment snake through 
them that were deposited, perhaps, as turbidite flows sluffing beach sands out into deeper portions 
of Lake Bonne vi lie. 
It would be useful to precisely locate the source area for ground water delivered to the springs so 
those areas could be avoided for artificial recharge sites. One valuable investigation would be to 
interview residents near springs for qualitative accounts of spring discharge. A large annual 
fluctuation in discharge might suggest a close recharge area and/or a highly conductive aquifer. A 
close relationship between the application of irrigation water in nearby fields and an increase in 
spring discharge would reveal the source area. The absence of such a relationship might suggest 
that a confined aquifer feeds the springs, or the hydraulic conductivity is small. 
Several more sophisticated tools are available to help locate spring source areas, including tracers 
and age dating techniques. Tracers could be applied to the canals and the springs monitored. Dating 
spring water, with some assumptions about hydraulic conductivity, effective porosity and gradient, 
could give insights as to the distance to the recharge area. For example, Robinson (unpublished) 
used tritium to date Spring Creek Spring and Hopkins Spring, which measured 12.9 and 16.3 T.U. 
respectively. There are two interpretations for these results: 1) the water precipitated after 1969, 
or 2) it is a mixture of two or more sources of water, with at least one younger than 1952 and one 
older than 1952. Choosing simplicity, the first is the more plausible explanation. Assuming the 
material is a gravel/sand mixture with a hydraulic conductivity of 1,000 ft/day (within the range 
given by Bjorklund and McGreevy, 1971), effective porosity equal to 0.2, and a gradient of .0001 ( 
between well (A 13 I) 33 bcb and Chambers Spring), water discharging from Chambers Spring could 
have moved tens of miles since 1969. Clearly a much younger technique of dating water must be 
employed to make this a more useful exercise. Dating ground water with chloroflurocarbons has 
proven useful in similar applications (Phillips et al., 1992). 
• Step 5- Determine infiltration rates 
Because of the non-homogeneity of the sediments near the mountain front, a site specific 
infiltration test should be performed. This information will directly relate to the size of the 
surface area needed to facilitate a given volume of water. The infiltration test should be 
sufficiently long to observe pore clogging should it occur. Mechanisms for pore clogging are 1) the 
entrainment of suspended particles, 3) microbial growth, and possibly 3) precipitation of caliche. 
Step 6 - Monitoring 
The heads in all nearby wells should be monitored during the infiltration test to determined where 
the infiltrating water is going. Is it entering the principal aquifer system or flowing to discharge in 
a nearby spring? 
• Step 7- Installation 
Step 8 - Monitoring 
Again, the heads in all surrounding wells should be monitored until it is to confirm the destination of 
the infiltrating water. A rise in the water table should be tracked into the valley center. If this 
head gain is not sustained in the valley center, then increased discharge is likely occurring 
somewhere. 
Water quality should also be monitored in wells located directly down gradient to the spreading 
sites. Any degradation of water quality should be noted. 
ASR by Injection 
• Step 1- Investigate the hydraulic conductivity of the confining layers. Described above. 
• Step 2 and above -
A section of the larger part of this feasibility study outlines in detail the steps necessary to a 
successful ASR injection project and will not be repeated here. The primary issue specific to ASR 
injection in Cache Valley is, again, the leakage out of the confined aquifer. 
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Qal li.l!!lam alluyjum - slll, sand, and grave! In strnam channels and an active floodplains 
Qa11, Qal2. Qlder Stream alluvjwn - <>ider alluvium in stream terraces above $ctive lloodplalns. 
Oal Alluvial-tan dffilRlliill • clasl·support9d p~bble, cobble and boulder gravel in a matrix 
fines. 
QJQb J.&k§...6onnaville-~Jj~ - between Bonnevi!le~ levei and Provo !tN-f.l~, coaree to ·fine 
sand~ silt, and gravels. 
Qlbp ~onoeville deposj!§ - at and below Provo level, coarse to line sand, sill, anct 
grave is. 
Qls 1J!.udsllde deposits -small rotational slumps and large, complex slides in Tertiary or 
Lake Bonneville deposlts. 
Qco .Qofluvium - areas of boulder-bEJuring ::;urficlal cover_ 
T u Tertiary d9~osjts, undifferentiated. 
Tsl §;;!It ~tr.!ll!iiP..Il., und!Herenliated • Dominant filhologies are tuffaceous 
sandstone and conglomerate, with minor tuff, freshw<J.ter HmeW>ne, and sandstone. 
Tslm - ooli\ic limestone 
T sU - sandstone and maristone 
Tslk - sanctstone ;md conglomerate 
Tsli -tuffaceous sandstone 
T!'llh - tuffaceous sandstone and conglomerate 
Tslg -tuffaceous sands1one 
Tsli -pebble to boulder conglomerate 
T sle - freshwater lirnostone 
Tsld -tuffaceous ~andstone aod boulder conglomerate 
Isle - smail-bo"lder coo glOmera Ia 
Tin Fowkes!No~qod oquivalen!§. - dominantly quartzose tuffac-1:1ous sandstone and h 
contains homblsnde and biotilo grains; minor con\ilomera:tc. 
Tir'Y • tuffaceous sandolone and iuff 
Tlnx - freshwater stromatolitic limestone 
Tw Wa!?31oh FormaliQ!l -moderate red, mootly cobble to boulder mudston<; (debris-Jlo· 
deposits) wilh minor sandstone, oncol[lic limestone, siltstone, and oonglomerale. 
P~ ~~OZ~Q.!r....mstkst undiffBrei1liated 
Po O_guirrh fQrmatton ~ matine limestone, Sar.~Stone~· and sha[e 
(Pennslylvania.n/Permian) 
Mbc; Mbb; !;!razer Forrp;ztlon (Upper Mississippian) 
Mba; Mb 
Mlo !.9.\J,S.®ola Formation (Lower Mississippian) 
Ml Leatham form§!ioQ (Mlssissippian!Devonla.n} 
Djb !'\9lrdneau Formation (Middle and Upper Devonian) 
Djh HynJm FoanaUon (Middle and Upper Devonian) 
Ow :t!.a.IJ3t Canyon Formation (Lower Devon!an) 
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Table 1 Gcnerfllizcd section of1he geologic units and their water-bearing properties. Taken from 
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ExAMPLES OF OPTIM=NG AQUIFER STORAGE AND RECOVERY (ASR) 
FOR CACHE VALLEY. 
In this step, we evaluated potential injection scenarios at two levels. First, Mike Robinson 
identified areas on the eastern side of Cache Valley potentially suitable for ASR. Areas were 
identified on a map containing the grid used by an U. S. Geological Survey groundwater simulation 
model. These areas had a range of aquifer saturated and unsaturated zone thicknesses. For 
representative wells and a range of potential sites, we estimated the maximum individual well 
injection rate that would not cause ponding. We also evaluated how much the maximum sustained 
yield of the Cache Valley aquifer would increase if we injected at many sites simultaneously. 
• Estimating Maximum Acceptable Injection Rate for Representative Wells and Sites 
We estimated how much water can be injected into an unconfined aquifer via an individual well, 
without causing the injection mound to reach the ground surface. We assume a fully penetrating 
and screened 18 inch-diameter well, a hydraulic conductivity of 50 ft/day, storativity of 0.2, and a 
90-day injection period. Table 1 shows the results. 
The process for developing Table 1 includes: 
A. Estimating, from topographic map, the ground surface elevation for all model cells potentially 
suitable for ASR. 
B. Estimating groundwater levels for all those cells using the March 1990 water levels obtained 
from a transient simulation using the USGS model. 
C. By subtraction, estimating the depth to groundwater (thickness of the unsaturated zone) for all 
those cells. 
D. From data input for the USGS model, estimating the elevation of the base of the upper aquifer 
layer. 
E. By subtraction, estimating the saturated thickness of the aquifer underlying those cells. 
F. For a range of thicknesses of the unsaturated and saturated zones, computing the maximum 
recharge rate that be injected into a well without causing the injection mound to reach the 
ground surface. This was done iteratively using the CONJ'US model, which employed the Theis 
Equation and .Jacob Correction for unconfined aquifers. 
• Estimating Sustainable Recovery of Artificially Injected Water 
We computed the change in maximum sustained groundwater yield that would result from injecting 
one cfs continually at each of 21 cells. To calculate the maximum sustained yield groundwater 
extraction strategy we used the REMAX response matrix simulation/optimization model, which 
includes MODFLOW. We contrasted this computed optimal pumping strategy with one computed 
without the 21 cfs of injected water (Table 2). 
Column 2 of Table 2 shows the results of using the USGS-calibrated MODFLOW to predict the 
heads that would result at steady state from continuing 1990 pumping rates. Column 3 shows the 
maximum sustainable (steady-state) pumping for the same boundary conditions and the constraints 
listed in footnote 3 of Table 2. The upper bounds on pumping in the eight valley planning district 
were derived from population projections made about 1995. (Current population and water need 
projections are somewhat greater.) 
Column 4 shows the maximum sustainable pumping if 21 cfs is simultaneously injected. Note that all 
the injected water is recoverable. None is lost to evapotranspiration, seepage or spring flow. In 
fact, total sustainable pumping increases a little more than 21 cfs because of slight reduction in 
other discharge. 
Table 1: Maximum Injection Rate at a Single Well without Causing the Injection Mound to Reach the 
Ground Surface (gpm) 
100 449 
140 600 
Max Increase in Water Head Allowed (ft) 
(Thickness of unsaturated zone) 
1592 3061 4856 
2038 3798 5876 
8162 
9594 
(Assumed are: Well radius= 0.75'; K =50ft/day; t = 90 days; S = 0.2; unconfined aquifer) 
Table 2. Preliminary Sustained-Yield Optimization Results 
Pumping from Wells 
52.42 75.60 97.68 
Flow from Springs 80.0 74.1 73.7 
Notes: 
1. All flow rates are in cfs. 
2. In The last scenario (sustained yield plus recharge), total recharge of 21.0 cfs was assumed. 
This recharge is distributed evenly on all 21 potential recharge wells. 
3. The optimal sustained yield scenarios are based on meeting the projected demand for eight 
planning districts. We maximize regional pumping subject to: a) heads in river cells are not 
allowed to drop below the river bottom elevation unless the head is already lower in the steady 
state model (based on 1990 rates), b) flow from the aquifer to the river is not allowed to be 
reduced by more than ten percent, c) in spring (drain) cells, the piezometric head is not allowed 
to drop below the cell's average ground surface elevation, and d) saturated thickness at any cell 
containing a pumping well is not allowed to change by more the thirty percent. 
